Cyanobacteria are autotrophic bacteria which perform oxygenic photosynthesis. Since cyanobacteria have been traditionally treated as a cluster of the plant kingdom in the past, they have been classified mainly based on cell morphology. Woese (1987) analyzed the phylogeny of the organisms by means of small subunit ribosomal RNA gene sequence divergence, and placed cyanobacteria within the eubacteria of prokaryotes. The taxonomy of cyanobacteria has been based only on their morphology up to now, and cyanobacteria are divided into five orders at present (Castenholz and Waterbury, 1989) . These are Chroococcales, Pleurocapsales, Oscillatoriales, Nostocales, and Stigonematales. Cyanobacteria which are filamentous and do not form heterocyst are accommodated in the order Oscillatoriales (Castenholz, 1989a) . One of the differential characteristics to classify the genera of Oscillatoriales is whether or not a sheath is present, but this characteristic is known to change due to culturing conditions (Pearson and Kingsbury, 1966) . Consequently, the definition of the genera belonging to Oscillatoriales is obscure.
In this study, to grasp a general image of Oscillatoriales, the phylogenetic position of the eight genera of Oscillatoriales was investigated based on 165 rRNA gene sequences which have proven to be very useful for the study of bacterial phylogeny (e.g., Giovannoi et al., 1988; Stackebrandt,1992; Woese,1987) .
The axenic cyanobacterial strains used in this study are Oscillatoria neglects M-82, Oscillatoria rosea M-220, Phormidium ambiguum M-71, Phormidium sp. M-99, Phormidium sp. M-117, Phormidium mucicola M-221, and Spirulina subsalsa M-223; these were obtained from the IAM culture collection. Oscillatoria neglecta M-82, Ph. ambiguum M-71, Phormidium sp. M-99, and Phormidium sp. M-117 were grown in medium A-1 (Yamasato et al., 1993) , 0. roses M-220 in medium f/2 (Watanabe and Nozaki, 1994) , Ph. mucicola M-221 in medium Csi (Watanabe and Nozaki, 1994) , and Sp. subsalsa M-223 in medium MA (Watanabe and Nozaki, 1994) . These seven strains were cultured by incubation in test tubes without aeration at 20°C with fluorescent lamp illumination of 500 lux.
Cells from 1.5 ml culture broth were harvested by centrifugation, washed with 1 ml of deionized water, and suspended in 100 µl of 20 mM Tris (pH 8.0) containing 0.1 mM EDTA, 0.5% Tween 20, and 0.1% Nonidet P-40 (Boehringer Mannheim, Germany). Final lysis was achieved by adding 10µg of Proteinase K and incubating for 20 min at 60°C. The almost complete 165 rDNA from the genomic DNA of the respective strains was amplified by PCR using oligonucleotide primers by the combination of 1 and 11, 8, and 16 as described by Wilmotte et al. (1993) . PCR was performed for 5 min at 94°C at first and consisted of 33 cycles with the following features: 1 min at 94°C, 1 min at 52°C, and 2 min at 72°C followed by a final elongation step for 10 min at 72°C. The PCR product generated with Takara EX Taq polymerase (Takara Shuzo Co., Ltd., Japan) was cloned using an Original TA Cloning Kit® (Invitrogen Corporation, CA, U.S.A.). The sequencing reaction was performed with a SequiThermTM Long-ReadTM Cycle Sequencing Kit-LC (Ar Brown Co., Ltd., Tokyo, Japan) using IRD-41 labeled primers, M13 forward primer and M13 reverse primer. Sequencing was carried out on a LI-COR model 4000 DNA sequencer (LI-COR, Inc., NE, U.S.A.) and an image analyzer with 6% acrylamide gels (Long Ranger Gel Solution; FMC Bioproducts, ME, U.S.A.). The new 165 rDNA sequences of the seven oscillatorialean strains were multiply aligned using CLUSTAL W ver. 1.6 (Thompson et al., 1994) with a selection of cyanobacterial reference sequences obtained from the DNA Data Bank of Japan (DDBJ) and the Ribosomal Database Project (RDP). A phylogenetic tree was constructed from evolutionary distance data by applying the algorithm of the neighbor-joining method (Saitou and Nei, 1987) to Knu~ values (Kimura, 1980) . To evaluate the robustness of branches in the inferred tree, the bootstrap resampling method of Felsenstein (1985) with 1,000 replicates was used. Parsimony analyses were also performed by the computer package PAUP 3. 1. 1. (Swofford, 1993) , and a bootstrapped 50% majority consensus tree was constructed.
The new 165 rDNA sequences of 0. neglecta M-82, Oscillatoria sp. M-117, 0. rosea M-220, Ph. ambiguum M-71, Ph. mucicola M-221, Phormidium sp. M-99, and Sp. subsalsa M-223 were deposited in the DDBJ, EMBL, and GenBank nucleotide sequence databases under the accession numbers AB003168, AB003163, AB003164, AB003167, AB003165, AB003169 and The sequencing strategy generated a continuous The 16S rRNA sequences of the taxa examined and the sequences of reference organisms obtained from databases were aligned with those of Bacillus subtilis and Arthrobacter globiformis as outgroups. The phylogenetic trees based on 16S rRNA gene sequences were constructed using two different methods (i. e., neighbor-joining and maximum parsimony, not illustrated herein). As a result, the major topologies were consistent between these trees. The phylogenetic tree constructed by the neighbor-joining method is shown in Fig. 1 . The total number of nucleotides compared was 400 after elimination of gaps or the sites whose nucleotides were not determined. As shown in Fig. 1 , taxa of the orders Nostocales (subsection IV) (Castenholz, 1989 b) and Stigonematales (subsection V) (Castenholz, 1989 c) , which are differentiated by the formation of heterocyst in their trichomes, and those of Pleurocapsales (subsection II) , which show multiple fission, formed a cluster, respectively, although a bootstrap analysis gave a relatively low confidence level. On the other hand, taxa of orders Chroococcales (subsection I: Waterbury and Rippka, 1989) and Oscillatoriales (subsection III: Castenholz, 1989 a) did not form one cluster, respectively. The taxa whose 165 rRNA gene sequences were determined in this study, belonged to five separate clusters. Oscillatoria rosea M-220, Spirulina subsalsa M-223, and Spirulina major PCC 6313 were not close to the other oscillatorialean taxa but were close to the taxa of Chroococcales.
As the total number of nucleotides compared in this analysis (Fig. 1) was too small, a distant tree using a data set of strains for which almost complete 165 rRNA gene sequences were determined was then constructed. The total number of nucleotides compared was 1,009 after alignment using the data set of one species of Prochlorales, 18 of cyanobacteria, and two species of eubacteria as outgroups (Fig. 2) . As shown in Fig. 2 , oscillatorialean taxa were also assigned to five clusters, similar to that of Fig. 1 . However, the topology was changed in comparison with the former tree in Arthrospira sp. PCC 7345 and Chamaesiphon subglobosus PCC 7430. This might be due to the fact that the representative taxa of each cluster in the former tree were not included in the latter tree and also due to the difference in the number of nucleotides compared. Generally, in bacteria the number of nucleotides needed for the construction of a tree is more than 1,000 by for a phylogenetic study based on 165 rRNA gene sequences (Murray et al., 1990) . Therefore, to analyze phylogenetic relationships among cyanobacteria, almost complete sequences of the 165 rRNA gene from more taxa must be determined.
Nevertheless, Oscillatoria species belonging to Oscillatoriales were indicated to be genotypically heterogeneous. The results of the sequence analyses were in good agreement with the results of previous studies (Nelissen et al., 1994 (Nelissen et al., , 1996 Wilmotte et al., 1994) . Our phylogenetic analyses suggest that Oscillatoriales is not monophyletic. Thus, the taxonomic system of cyanobacteria reflecting phylogenetic relationships should be reconstructed.
